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Abstract 

Imidazolium ring containing ionic liquids (ILs) have become extremely attractive study material in spectroscopy and theoretical studies 
due to wide range of applications. In this work acetonitrile (AN) molecule was chosen as a "media sensitive" (thanks to its polarity) probe 
in ILs to carry out the investigation of AN vibrational relaxation using the [-C ≡ N] stretch (also known as υ2). Ab initio density functional 
calculations were used as a primary methods for equilibrium geometry establishing and following vibrational spectra estimation. 
Vibrational relaxation times were established from mentioned stretch mode parameter HWHH received from polarized Raman spectra of 
AN/IL associates.  
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1 General 

Imidazolium ring containing several different ILs such as:  
1-butyl-3-methylimidazolium chloride ([Bmim]Cl),  
1-butyl-3-methylimidazolium bromide ([Bmim]Br),  
1-butyl-3-methylimidazolium iodide ([Bmim]I), and 
1-butyl-3-methylimidazolium tetrafluoroborate 

([Bmim]BF4) (Figure 1) were chosen for study of vibrational 
relaxation path. Furthermore, different temperatures (295K 
and 328K) were used to determine AN [-C≡N] stretch) 
vibrational relaxation dependence on temperature [1].  

Quantum chemical calculations carried out in order to 
establish the equilibrium geometry of associates and follo-
wing frequencies of AN vibrations due to different cation 
location. Density functional studies (B3LYP method, 6-
31G(d,p) basis set) were provided using GAUSSIAN09 pa-
ckage. Different conformers dependent on the alkyl chain 
orientation (rotational isomer) were established like anti-
gauche type conformers.  

2 Conclusions 

We have established the significant changes of acetonitrile 
vibrational relaxation time when anion of IL was replaced by 
a heavier molar mass Mr one (X=Cl-, Br-, I-, BF4

-) could be 
attributed to the change in local ionic structuring [1, 2]. We 
found that the heavier the anion of the IL, the more red shifted 
[-C ≡ N] stretch band of AN became (see Figure 2), although in 

the case of BF4 anion, the [-C≡N] stretch band did not match 
the sugested scheme, beeing more red shifted than in the case 
of heavier iodine anion. Looking from the standpoint of 
quantum chemistry simulations, the location of AN molecule 
was found as an position above imidazolium ring plane 
surface in near surrounding of halogen cation. 
 

 
FIGURE 1 Imidazolium ring containing ionic liquids  

 
FIGURE 2 Stretch vibration region of [-C≡N] mode in Raman spectra of 

AN/ILs mixtures 
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